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BLESSY JOHNSON
HONORS CAPSTONE

Investigating the Effects of Environmental Treatment on Social Stress,
Depression and Anxiety.
Social Stress Influences both Behavior and Biology
Stress can adversely affect psychological and physiological functions of the body
whether it is chronic or acute stress (McNeal, 2014). According to The American Institute of
Stress, depression, anxiety, cardiovascular and autonomic dysfunctions are all resultant factors of
stress (Stress effects, n.d.). Recent studies in prairie voles showed that social isolation can induce
depression and anxiety related behaviors, and disrupt autonomic regulatory functions that
increase cardiovascular disease risk (McNeal, 2014). Furthermore, researchers have found a
correlation between affective disorders and immunosuppression (Khansari, Murgo, & Faith,
1990). Thus, translational stress research using animal models can be of significance in
understanding more about stress induced physiological and behavioral changes in humans.
The Prairie Vole is a Valuable Animal Model for Studying Social Stress
Given the widespread effects of stress on behavior and the body, it is important to
conduct experimental research to better understand the mechanisms underlying stress. Studies
performed in prairie voles have shown that social isolation can induce depression, anxiety, and
cardiovascular irregularities. Prairie voles are rodents, which are useful animal models to study
social interactions translational to humans. Prairie voles are socially monogamous rodents which
show bonding behaviors similar to humans. For instance, these rodents live in family groups,
with both parents raising the offspring together. Many also mate with the same partner for their
entire lives. Disruption of their social environment tends to result in stress- induced

BLESSY JOHNSON
HONORS CAPSTONE

psychological and physiological changes, for example social isolation induces physiological and
behavioral functions relevant to depression and anxiety in prairie voles (McNeal et al., 2014).
Environmental Enrichment may be a Useful Treatment for Social Stress
It is important to investigate potential treatments for behavioral and physiological
dysfunction associated with social stress. Recent studies using the prairie vole model show that
environment enrichment (EE) is able to remediate the effects of isolation induced depression and
further prevent social isolation induced depression and anxiety (Grippo et al., 2014). EE is a
potential therapeutic method in which inanimate objects are used to increase brain stimulation
and improve sensorimotor functioning (Grippo et al., 2014). Initially suggested by Hebb, 1947,
EE focuses on cognitive, social and physical stimulations. In laboratory conditions, some of the
stimuli used are toys, an exercise wheel, and items that facilitate motor coordination. Researchers
have been interested in the mediating and preventive effects of EE in several affective and
neurological disorders. EE enhances neurobiological and behavioral functioning and can aid in
preventing and remediating several degenerative conditions (Centers for Disease Control and
Prevention, Alzheimer’s Association, 2007). Some of the conditions in which exposure to EE has
been effective are epilepsy, stroke, traumatic brain injury, fetal alcohol syndrome, anxiety, and
depression (van Praag et al., 2000; Nithianantharajah & Hannan, 2006; Ilin & Richter-Levin,
2009). In addition to cognitive enhancement, some symptoms of autism can be improved with
EE (Woo & Leon, 2013). It is also noteworthy that EE, through cognitive stimulation coupled
with exercise, has improved spatial memory in aged female mice (Harburger, Nzerem & Frick,
2007). This previous research provides evidence that EE may be a beneficial treatment for
several different disorders and age groups.
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The Current Study: Environmental Enrichment in Socially Isolated Prairie Voles
Given the potential benefits of EE in humans and animal models, EE may have beneficial
effects on behavior in the prairie vole model of social isolation. This study investigates how age
affects the responsiveness to EE, willingness to exercise, and depression- and anxiety-like
behaviors in prairie voles that are subjected to social isolation. Understanding age-related
responsiveness to EE against affective disorders may provide insight into age specific behavioral
and physiological changes induced by EE. Previous research has shown that EE improves spatial
memory in aged female mice. Furthermore, it was inferred that both cognitive stimulation and
exercise were needed to elicit a reliable improvement in aged mice (Harburger et al.,
2007).Therefore, in the present study it was hypothesized that both old and young prairie voles
will be responsive to EE treatment. However, the older group will be less responsive to EE when
compared to younger animals because of less adaptability and flexibility. In addition, older voles
will show less remediation of social isolation induced depressive and anxiety related behaviors
because of decreased cell plasticity in the brain (Burke & Barnes, 2006). We further hypothesize
that older voles will exercise less often when compared to young voles.

METHODS
Animals
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Fifty male prairie voles that were bred at Northern Illinois University (NIU) were used in
the experiments described here. All animals were housed under standard environmental
conditions in the laboratory, with a temperature of 20-21ᴼC, a relative humidity of 40-50%, and a
14:10 light/dark cycle (with lights on from 6:30am-8:30pm). Animals were housed in sibling
pairs until the beginning of the experiments at a specified age. The young voles (n=25) were
approximately 2 months of age and the old voles (n=25) were approximately 1 year of age. All
procedures were approved by the NIU Institutional Animal Care and Use Committee (IACUC),
and followed all federal guidelines.

General Procedure
Each age group was assigned to 3 conditions, for a total of 6 groups: a) old-paired, b) oldisolated, c) old-isolated with EE, d) young-paired, e) young-isolated, and f) young-isolated with
EE. Isolated animals were housed individually, whereas paired animals were housed with a male
sibling in a standard cage. In addition to the standard cage amenities (food, water, and bedding),
animals exposed to the EE condition received a running wheel, wood block, a tin foil ball, a
cardboard toilet paper roll, mini straw hat, two plastic toys, a small bowl with food pellets, a
wood jack chew toy, two marbles, and a plastic igloo house as shown in figure 1 (Grippo et al.,
2014). The voles were subjected to the respective conditions for four weeks. The usage of the
exercise wheel was recorded during the 4 week period. After this period, all animals were
weighed and subjected to a forced swim test (FST) and an elevated plus maze (EPM) to analyze
their post-isolation depression-and anxiety-like behaviors, respectively. In both FST and EPM,
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the behaviors of the voles were recorded and manually coded by experimentally blind and
trained observers.

Figure 1. Materials used for EE.

Forced Swim Test (FST)
The FST is a behavior analysis test for depressive symptoms (Grippo, Wu, Hassan, &
Carter 2008). A clear, cylindrical Plexiglas tank (46-cm height; 20-cm diameter) was filled to a
depth of 18 cm with tap water (20-24 degree Celsius) (see figure 2). The vole was placed in the
tank for 5 minutes. Prior to each trial the tank was cleaned thoroughly and filled with clean
water. Immediately following each trial, voles were returned to their home cage and provided
access to a heat lamp for 15 minutes.
The test was recorded using a digital video camera and manually scored by trained,
experimentally blind observers. The following behaviors were coded: a) swimming: active,
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coordinated movement of forelimbs and hind limbs without breaking the surface of water, b)
struggling: breaking the surface of water using forelimb, c) climbing: pushing/climbing the walls
of the cylinder, d) floating/immobility: minimum to no movement, limb movement only to
facilitate floatation. Floating or immobility was classified as a depressive (helpless) behavior
whereas, swimming, struggling, and climbing were considered as active coping strategies
(Grippo et al., 2008; 2014)

Figure 2. A prairie vole in the forced swim test (FST). The behaviors of the animal are recorded
for 5 minutes.
Elevated Plus Maze (EPM)
The EPM is a behavior analysis test for anxiety (Pellow, Chopin, File, & Briley, 1985).
The maze apparatus consists of two long arms of clear Plexiglas (49.5 x 10 cm), and two
opposing closed arms of black Plexiglas with an open roof (49.5 x 10 x 30.5 cm). The four arms
are connected at the center forming a square (10 x 10 cm) (see figure 3). In the beginning of each
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trial, the animal is placed at the center of the center square and is allowed to freely move within
the maze for a duration of 5 minutes. Prior to introducing each animal the maze is cleaned
thoroughly; and immediately after the duration of 5 minutes the animals are returned to the home
cage.
Each trial was recorded using a digital camera. The behaviors were coded manually by
trained, experimentally blind observers. The following behaviors were recorded: a) the time
spent in each areas of the maze: the open, closed, and center sections, and b) the number of
crosses into the center section. The rate of passing through the central section was recorded as
an index of general activity. Less explorative behavior in the open arms and more duration in the
closed arms were defined as indices of behaviors associated with anxiety (Pellow et al., 1985;
Grippo et al., 2014).

Figure 3. EPM apparatus: The black arms represent the closed arms whereas the transparent
platform represents the open arm. The animal is released at the junction of all 4 arms.
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VOLUNTARY EXERCISEVoluntary Exercise
The isolation+ EE treatment groups were provided access to a running wheel. The
average distance traveled and speed during exercise of each age group was recorded.

RESULTS
Forced Swim Test (FST)
Older animals showed higher rates of immobility when compared to the younger animals
(Figure 4). The isolated group for both young and old animals showed high immobility.
However, the young isolated+ EE animal group showed lower levels of immobility when
compared to the old isolated+ EE group (Figure 5).

Figure 4. Comparing the total immobility in the FST in young and old adults.
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Figure 5. Comparing the total immobility exhibited by different treatment groups
in young and old animals in the FST.

Elevated Plus Mmaze (EPM)
The younger animals spent more time (seconds) in the open arms of the EPM when
compared to the older animals (Figure 6). For both the age groups, the paired animals spent
approximately same amount of time in the open arms. The young isolated group spent slightly
lower duration of time in the open arm with respect to older animals. The young isolated+ EE
animal group spent significantly higher time in the open arms than the old isolated+ EE group
(Figure 7).
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Figure 6. This graph shows the duration of time (seconds) spent in the open arms
of EPM between the age groups.

Figure 7. This graph shows the duration of time (seconds) spent in the open arms
of EPM between the treatment groups.
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Exercise Wheel Activity
There was a considerable difference between the groups in the distance travelled and the
speed in the running wheel. The older animals travelled a shorter distance with significantly
lower speed when compared to the younger animals (Figure 8 & 9)

Mean distance per week (km)

3.5
3
2.5
2
1.5
1
0.5
0
Young

Old

Figure 8. This graph shows the mean distance ran in the running wheel by each age group.
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Mean maximum speed (m/s)
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Figure 9. This graph shows the mean maximum speed attained in the running wheel by each age
group.
DISCUSSION
This study focused on the potential protective effects of EE in socially isolated prairie
voles In support of the hypotheses, it was found that even though both the age groups were
responsive to EE, older animals were less responsive to EE treatment for both depressive and
anxious behaviors. Younger animals that were isolated and subjected to EE treatment were more
mobile in the FST and spent more time in the open arm during the EPM task when compared to
the older animals (Figure 5 & 7). Thus, EE treatment had a higher remediation effect of both
depressive and anxiety-related behaviors on young isolated animals than the older isolated group.
However, it is interesting to note that both in the FST and EPM, the young isolated+ EE
treatment group performs better than the paired control group. Further supporting the
hypothesis, it was found that older animals ran shorter distances at a slower speed on the exercise
wheel (figure 8 & 9).
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Affective disorders such as depression and anxiety are due to alterations in
neurotransmitter levels such as serotonin. The buffering effect of EE treatment on depressive and
anxiety behaviors is indicative of a protective effect at the physiological/neurallevel. According
to a study by Kempermann, Gast, & Gage (2002), adult mice that were subjected to EE from 1020 months showed 5 times higher neurogenesis (growth of nervous tissue) than the control
group. Hence, EE can have a positive impact on stress induced degenerative disorders. However,
our preliminary data indicated that the neurogenesis rate could be slower in older animals.
Previous literature has shown that exercise can have a buffering effect on stress by mediating the
production of neurotransmitters such as dopamine and serotonin that regulated affective
behaviors (Carmeli, 2013). In our current study the higher responsiveness of the younger animals
to EE treatment could be due to their efficient use of the exercise wheel, in contrast to older
animals. The less productive usage of the exercise wheel by the older animals could be due to
physical exhaustion or lack of motivation.
Animal research suggests that EE can aid in the treatment and recovery of several agerelated diseases such as dementia. Understanding the responsiveness to EE treatment based on
age, gender, and other significant factors can aid in formulating efficient treatment strategies for
people with a variety of psychological or neurological disorders. The ability of EE treatment to
trigger neurogenesis is indeed a significant milestone in the field of science. Not only can EE
treat age or stress related disorders, it could also enhance the optimal functioning of mind and
body in everyday life. Additional research and knowledge about EE and the physiology behind it
could benefit several fields such as education, health, and occupation.
The results obtained for this paper are preliminary data and hence the significance of the
findings may need to be validated with additional research. Future studies may look into the
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physiological mechanisms behind the response difference dependent on age and other factors.
Furthermore, it will be beneficial to see if certain manipulation of the EE treatment style can
trigger a different response pattern in older animals. Therefore, future research using animal
models, such as the prairie vole, will inform our understanding of the interactions of stress,
emotion, and the brain.
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